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INTRODUCTION 


Background 

At  the  present  time  an  Array-wide  expansion  program  is  in  pro¬ 
cess  to  modernize  existing  and  develop  new  manufacturing  and  LAP 
(Load-Assemble-Pack)  facilities  for  the  handling  of  energetic  ma¬ 
terials  and  their  related  end  items.  This  systematized  effort  will 
enable  existing  ammunition  plants  to  achieve  increased  production 
cost  effectiveness  with  improved  contingency  safety,  as  well  as 
provide  for  the  integrated  capability  of  manufacturing  new  weaponry 
within  existing  facilities.  As  an  integral  component  of  the  over¬ 
all  programming  concept,  the  Special  Technology  Branch,  Energetic 
Systems  Process  Division,  LCWSL  of  ARRADCOM,  Dover,  N.J.,  under  the 
direction  of  the  Office  of  the  Project  Manager  for  Munitions  Pro¬ 
duction  Base  Modernization  and  Expansion,  is  currently  engaged  in 
the  development  of  safety  criteria  in  direct  responsive  support  of 
ammunition  plant  manufacturing  and  LAP  operations. 

An  essential  increment  within  this  responsive  effort,  is  the 
determination  of  the  minimum  safe  separation  (non-propagative) 
distance  between  3-inch  M509  UE  projectiles  (fig.  1)  as  they  are 
transported  from  one  loading  station  to  the  next,  along  a  produc¬ 
tion-line  conveyor. 

Objective 

The  primary  objective  of  this  program  is  to  establish  and 
statistically  confirm,  through  experimental  evaluation,  the  safe 
non-propagative  separation  distance  between  8-inch  M509  HE  projec¬ 
tiles  as  they  progress  along  their  production  line  and  to  develop 
statistically  acceptable  safety  criteria  for  use  in  determining 
loading  line  spacing  for  existing  and  future  ammunition  plants  that 
will  be  utilized  in  the  manufacture  of  this  projectile. 

The  overall  program  objective  is  to  supplement  and/or  modify 
existing  safety  regulations  and  criteria  pertaining  to  the  safe 
spacing  of  ammunition  and  other  energetic  materials  in  order  to 
assist  explosive  loading  plants  in  their  LAP  facility  layouts  for 
the  most  effective  and  economic  man-machine  relationship. 

Criteria 

This  test  program  was  implemented  in  order  to  determine  the  safe 
spacing  of  8-inch  M509  HE  projectiles  under  simulated  loading  plant 
conditions  for  the  necessary  shielding  between  projectiles,  such 


that  the  effects  of  a  major  accidental  detonation  of  a  munition  on 
the  assembly  line  will  be  limited  to  the  immediate  area,  or  loading 
bay,  and  not  be  propagated  to  adjacent  loading  activities.  There¬ 
fore,  the  only  acceptable  criteria  in  the  establishment  of  safe 
separation  distances  is  the  nonpropagation  of  the  donor  detonation 
to  the  acceptor  units.  Since  the  8-inch  M509  HE  projectile  also 
contains  a  quantity  of  fuzed  sub-projectiles  (grenades),  the  safe 
spacing  criteria  contains  an  additional  requirement  of  non-arming 
of  acceptor  projectile  grenades. 

Note  that  all  safe  separation  distances  specified  within  tiiis 
report  are  measured  between  axial  centerlines  of  the  donor  and 
acceptor  units. 


TEST  CONFIGURATION 


General 

Testing  of  the  8-inch  M509  HE  projectile  to  establish  and 
statistically  confirm  the  minimum  nonpropagative  distance  between 
donor  and  acceptor  projectiles  under  simulated  manufacturing  line 
conditions  was  conducted  at  two  locations.  The  exploratory  testing 
phase  of  the  program,  utilizing  live  donors  and  inert  acceptors, 
was  performed  at  the  National  Space  Technology  Laboratories, 
Mississippi.  The  confirmatory  test  phase,  with  both  live  donors 
and  acceptors,  was  carried  out  at  the  Hawthorne  Array  Ammunition 
Plant,  Nevada,  since  there  was  a  potential  for  acceptors  to 
dispense  live  and  armed  grenades  throughout  the  test  area.  Also, 
Hawthorne  AAP  had,  on  standby,  a  Navy  Explosive  Ordnance  Disposal 
Team  for  test  site  decontamination. 

After  a  facility  review  meeting  on  the  8-inch  M509  HE  projec¬ 
tile  conducted  by  the  munitions  project  manager,  it  was  determined 
that  the  projectile's  test  conditions  should  be  a  vertical,  base-up 
configuration.  Also,  in  order  to  simulate  closely  the  actual  load¬ 
ing  line  conditions,  the  nose-located  expelling  charge  was  removed, 
along  with  the  base  plug  and  related  padding,  in  order  to  fully  ex¬ 
pose  the  rearmost  layer  of  sub-projectiles  (M42  grenades).  Final¬ 
ly,  the  projectile  was  to  be  tested  within  a  prototype  pallet  that 
could  be  adapted  to  the  various  loading  plants'  production  lines 
cross  transfer-conveyor  systems. 

The  actual  test  program  consisted  of  the  following  two 
phases:  an  exploratory  phase  and  a  confirmatory  phase.  By  varying 
the  donor-to-acceptor  centerline  distances  during  the  exploratory 
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phase,  the  minimum  non-propagation  distance  between  adjacent  pro¬ 
jectiles  could  be  established.  Next,  the  confirmatory  phase  fol¬ 
lowed  in  which  a  sufficient  number  of  tests  were  conducted ,  at  the 
previously  determined  distance,  to  establish  a  statistical  relia¬ 
bility  of  non-propagation  at  that  distance. 

Test  Specimen 

Each  test  specimen  consisted  of  a  single  8-inch  M509  HE  pro¬ 
jectile  contained  in  a  vertical,  base-up  configuration  within  a 
prototype  cross  transfer-system  pallet.  The  projectile  (fig.  1) 
contains  a  total  of  180  dual  purpose  M42  grenades  arranged  axially 
in  12  rows  with  lb  grenades  to  a  row.  The  M42  grenades  are  ground- 
burst  sub-missiles  which  arm  in  the  air  and  function  upon  impact, 
providing  anti-materiel  (shaped  charge)  and  anti-personnel  (frag¬ 
mented  body)  capabilities.  In  normal  operation,  fuze  functioning 
(in  mid-air)  initiates  the  ogive-located  expulsion  charge,  shearing 
the  base  plate  off  and  ejecting  the  entire  grenade  load  from  the 
rear  of  the  projectile.  A  combination  of  the  projectile's  axial 
velocity  and  centrifugal  force  disperses  the  grenades  along  and 
away  from  the  projectile's  line  of  flight.  The  projectile’s  total 
weight  is  93.0  kilograms  (206.5  pounds)  and  contains  5.9  kilograms 
(13.1  pounds)  of  Composition  A5  within  the  grenade  load.  As  men¬ 
tioned  above,  each  test  specimen  had  its  expelling  charge  and  base 
plug  removed,  and  was  inserted  vertically,  base  end  up,  into  a 
prototype  transfer  pallet. 

Test  Arrangements 

l.  Exploratory  Phase 

The  exploratory  phase  of  the  8-inch  M509  HE  projectile 
nonpropagation  criteria  program  consisted  of  a  series  of  tests, 
each  utilizing  three  test  specimens  within  their  prototype  transfer 
pallets,  aligned  in  a  straight  line  and  elevated  to  simulate  the 
conveyor  system's  standoff  distance  from  the  building  floor  (fig. 
2).  The  center  specimen  serves  as  the  donor  or  the  projectile 
which  is  initiated  to  a  compete  high  order  detonation,  while  the 
two  end  specimens  are  the  acceptor  projectiles.  This  arrangement 
will  produce  two  acceptor  data  points  for  each  test  firing  per¬ 
formed. 


During  the  exploratory  test  phase  (in  order  to  save  time 
and  program  funds),  inert  projectiles  were  utilized  as  acceptor 
specimens.  Potential  propagation  determinations  were  made  based 
upon  fragment  impacts  and/or  penetrations  of  the  acceptor  projec¬ 
tile  bodies.  Also,  the  inert  projectiles  were  ballasted  to  the 
weight  of  live-loaded  projectiles  in  order  to  fully  simulate  the 
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true  loading-plant  conditions.  In  addition,  all  three  prototype 
pallets  containing  the  test  specimens  for  each  test  array  were 
attached  to  a  2.5-centimeter  (1.0-inch)  thick  steel  rail  assembly 
to  simulate  the  conveyor  confinement  of  the  transfer  pallets  within 
the  loading  facility. 

The  prototype  pallets,  utilized  within  this  non-propaga¬ 
tion  test  program,  had  two  types  of  shielding.  Initially,  the 
shielding  was  based  upon  that  used  on  the  prototype  pallet  for  the 
155mm  M483  HE  projectile  and  was  just  scaled  up  to  fit  the  8-inch 
M509  HE  projectile's  silhouette  (fig.  3).  Shielding  was  provided 
by  a  flat  steel  plate  112.0  centimeters  (44.5  inches)  high  by  23.0 
centimeters  (9.0  inches)  wide  and  2.5  centimeters  (1.0  inch)  thick 
located  at  both  ends  of  the  prototype  pallet.  Figure  4  is  a  pre¬ 
test  view  of  the  test  array,  showing  the  prototype  pallet  with  the 
flat,  steel  shields.  A  revised  shield  was  designed  after  the  flat, 
steel  shielding  proved  to  be  totally  inadequate  in  protecting  the 
acceptor  projectiles  for  the  donor's  high  order  detonation.  The 
guideline  distance  of  1.5  meters  (5.0  feet)  is  compatible  with  the 
equipment  spacing  at  the  existing  loading  facilities.  The  revised 
design  utilized  a  V-shaped  shield  facing  outward  from  the  prototype 
pallet's  center  with  the  same  axial  silhouette  dimensions  as  the 
previous  shield  and  an  angle  of  130°  between  the  legs  of  the  "V" 
(fig.  5).  Figure  6  is  a  pre-test  view  of  the  test  array  showing 
the  prototype  pallets  with  the  V-shaped  steel  shield.  Figures  7 
and  8  are  pre-test  close-ups  of  the  prototype  pallet  showing  its 
construction  details. 

2.  Confirmatory  Phase 

The  confirmatory  phase  of  the  8-inch  M509  HE  projectile's 
non-propagation  criteria  program  consisted  of  a  series  of  25  tests 
yielding  50  data  points.  The  test  specimens  were  all  mounted  with¬ 
in  prototype  transfer  pallets  utilizing  the  V-shaped  steel  shield¬ 
ing. 

3.  Method  of  Initiation 

The  donor  projectiles  in  every  test  were  initiated  to  a 
high  order  detonation  by  using  an  M6  electric  blasting  cap.  After 
all  three  test  specimens  were  emplaced  within  their  respective 
prototype  transfer  pallets,  and  their  base  plugs  and  related  pad¬ 
ding  had  been  removed,  the  donor  was  primed.  Priming  the  donor 
specimen  consisted  of  replacing  one  of  the  grenades  within  the 
inner  ring  of  the  top(rear)  row  with  an  unfuzed  grenade.  The  M6 
blasting  cap,  utilizing  a  wooden  guide  dowel  (fig.  9),  was  posi¬ 
tioned  over  the  lead  cap  assembly  on  the  unfuzed  grenade.  In  all 


cases,  this  initiation  method  produced  a  complete  high  order  deton¬ 
ation  of  all  the  grenades  within  the  donor  projectile. 


TEST  RESULTS 


General 

The  actual  tests  to  determine  the  safe  non-propagation  separa¬ 
tion  distance  between  single  8-inch  M509  HE  projectiles  were  group¬ 
ed  into  two  test  phases:  exploratory  and  confirmatory.  The 

exploratory  test  phase  determined  the  type  of  shielding  to  be 
utilized  on  the  prototype  transfer  pallet,  as  well  as  establishing 
a  tentative  separation  distance,  while  the  confirmatory  test  phase 
ran  sufficiently  similar  tests  to  statistically  determine  the 
probability  of  the  propagation  of  an  explosive  incident  under  the 
established  conditions. 

Exploratory  Tests 

The  initial  exploratory  test  configuration  consisted  of  a 
single  donor  projectile  and  two  acceptor  projectiles  arranged  in  a 
straight  line,  with  each  projectile  contained  within  a  prototype 
transfer  pallet  by  2.5-centimeter  (1.0-inch)  thick  flat  steel 
shields  at  either  end  (fig.  4).  The  separation  distances  used 
during  the  flat  shielded  prototype  pallet  exploratory  tests  ranged 
from  0.7  to  2.3  meters  (2.3  to  7.3  feet)  center-to-center  distan¬ 
ces.  In  Table  1,  Tests  Nos-  El  through  £6  (inclusive)  are  an  anno¬ 

tated  tabulation  of  all  8-inch  M509  HE  projectile  non-propagation 
tests  that  utilized  the  flat  shields  on  the  prototype  transfer 
pallets.  While  there  was  no  actual  propagation  of  an  explosive 
incident  within  these  tests,  there  was  sufficient  acceptor  (projec¬ 
tile  and  prototype  pallet)  damage  observed  to  warrant  discontinu¬ 
ance  of  the  flat  shield  approach.  Also,  to  continue  to  increase 

the  spacing  between  the  prototype  pallets  would  lead  to  distances 

far  in  excess  of  the  guideline  distance  of  1.5  meters  (5.0  feet) 
for  compatiblity  with  the  equipment  spacing  within  existing  loading 
plants.  Figure  10  is  a  post  test  view  of  a  flat  shielded  pallet 
test  wherein  both  acceptor  pallets  were  severely  damaged  and  one 
projectle  was  thrown  0.9  meter  (3  feet)  from  its  pallet.  Figure  11 
is  another  post  test  view  in  which  one  pallet  was  completely 
sheared  off  its  base  and  destroyed. 

The  secondary  exploratory  test  configuration  also  consisted  of 
a  single  donor  projectile  and  two  acceptor  projectiles  arranged  in 
a  straight  line  with  each  projectile  contained  within  a  prototype 
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transfer  pallet  (fig*  6);  however,  the  shielding  in  this  test  ser¬ 
ies  was  a  2.5-centimeter  (1.0-inch)  thick  V-shaped  shield  with  the 
same  axial  silhouette  dimensions  as  the  flat  shield  and  an  angle  of 
130°  between  the  legs  of  the  "V".  Tests  of  the  V-shaped  shielding 
on  the  prototype  pallets  were  only  conducted  at  the  1.5-meter  (5.0- 
foot)  separation  distance  since  that  is  the  equipment  spacing  dis¬ 
tance  within  the  loading  plants.  In  Table  1,  Tests  Nos.  E7,  E8  and 
E9  are  an  annotated  tabulation  of  all  the  exploratory  non-propaga¬ 
tion  testing  of  8-inch  M509  HE  projectiles,  utilizing  the  V-shaped 
shielding.  In  all  three  tests,  not  only  was  there  no  propagation 
of  the  initiated  explosive  incident,  but  there  were  no  indications 
of  major  damage  to  either  the  prototype  pallet  or  its  contained 
projectile,  as  seen  in  the  following  figures.  Figure  12  is  a  gen¬ 
eral  post  test  view  of  a  typical  functioning  in  which  the  donor 
pallet  is  fully  destroyed  without  any  damage  to  the  acceptor  pal¬ 
lets  and  Figure  13  is  a  close-up  post  test  view  of  a  V-shaped 
shielded  pallet,  again  not  showing  any  major  damage.  Figure  14  is 
a  post  test  close-up  of  a  V-shaped  shield.  Note  the  fragment  hits; 
there  were  no  penetrations,  nor  any  other  form  of  damage. 

To  reiterate,  it  should  be  noted  that  all  the  exploratory 
phase  testing  was  conducted  with  inert  projectiles,  which  not  only 
allowed  for  their  reuse,  but  also  allowed  the  performance  of  tests 
at  sites  they  would  normally  be  banned  from,  due  to  area  contamina¬ 
tion.  Therefore,  determination  of  non-propagation  was  based  upon 
acceptor  projectile  fragment  Impacts  and/or  penetrations. 

Confirmatory  Tests 

The  confirmatory  test  phase  of  this  safe  separation  distance 
study  program  contained  25  test  detonations,  again  utilizing  the 
one-donor,  two-acceptor  technique,  this  time  with  live  projectiles 
in  all  three  locations,  thus  producing  a  total  of  50  data  points 
for  analysis.  The  basic  data  is  presented  in  Table  1,  Tests  Nos. 
CIO  through  C34  inclusive,  with  all  tests  utilizing  V-shielded 
prototype  pallet  and  being  conducted  at  a  center-to-center  distance 
of  0.9  meter  (5.0  feet)  between  donor  and  acceptor  projectile.  Not 
only  was  there  no  damage  (penetrations  or  impacts)  to  the  acceptor 
projectiles,  but  there  was  not  a  single  spillage  of  projectile  sub¬ 
munitions  . 

Analysis  of  Test  Results 

During  the  exploratory  test  phase,  the  following  two  types  of 
prototype  pallet  shields  were  examined:  a  flat  plate  and  a  V- 
shaped  design.  As  the  data  in  Table  1  clearly  indicates,  the  flat 
plate  shield  was  totally  inadequate  at  separation  distances  far  in 
excess  of  those  compatible  with  equipment  spacing  at  existing 
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loading  plants;  therefore,  testing  and  consideration  of  the  flat 
plate  shield  were  discontinued.  Testing  of  the  second  shield  de¬ 
sign  (the  V-shaped)  proved  to  be  successful,  in  that  during  all  of 
the  tests  conducted  there  were  neither  propagation  nor  grenade 
spillage. 

Variations  in  manufacturing  tolerances,  materials,  wear,  etc., 
require  that  statistical  reasoning  be  enlisted  in  the  interpreta¬ 
tion  of  the  established  non-propagation  distance  test  data.  The 
actual  probability  of  the  propagation  of  an  explosive  incident  is 
dependent  upon  the  confidence  level  desired,  and  has  lower  and 
upper  limits.  The  lower  limit  for  all  confidence  levels  is  zero, 
whereas  the  upper  or  practical  limit  is  a  function  of  the  number  of 
observations  or  test  data  points  available  for  analysis  (see  Ap¬ 
pendix  for  statistical  theory).  In  the  confirmatory  testing  of  the 
8-inch  M509  HE  projectile  contained  within  the  prototype  pallet 
having  V-shaped  shields,  the  upper  limit  of  the  probability  of 
propagation  of  an  explosive  incident  is  6.2%  at  the  95%  confidence 
level.  This  is  equivalent  to  stating  that  in  a  large  number  of 
tests,  95  out  of  100  times,  the  probability  of  propagation  of  an 
explosive  incident  will  be  less  than,  or  equal  to,  the  6.2%  val¬ 
ue.  This  is  an  indication  of  the  quality  of  the  tests  and  the 
reliability  that  can  be  placed  upon  the  conclusion  drawn  from  the 
testing  (fig.  15). 


CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 

It  may  be  concluded  from  the  confirmatory  results  shown  in 
Table  1  that  8-inch  M509  HE  projectiles  contained  within  prototype 
pallets  with  V-shielding  (fig.  5)  can  be  positioned  with  a  1.5- 
raeter  (5.0-foot)  center-to-center  distance  between  projectiles 
without  a  significant  chance  of  propagation  of  an  explosive  inci¬ 
dent.  Also,  the  rigidity  of  the  prototype  pallet  is  sufficient  to 
prevent  major  grenade  spills  and  the  resultant  hazard  of  secondary 
sub-projectile  detonations. 

Recommendations 

Based  upon  the  results  of  the  8-inch  M509  HE  projectile's  safe 
non-propagation  separation  distance  tests,  it  is  recommended  that 
the  V-shield  pallet  design  be  considered  as  a  prototype  and  those 
loading  facilities,  either  in  operation  or  being  planned,  consider 
adaptation  of  the  prototype  pallet  design  to  their  line  layouts. 
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Table  1.  8-inch  M509  HE  projectile  non-propagation  test  data 
Separation 

Test  distance  Shield 


No 

m 

(ft) 

design 

Results 

El 

La 

0.7 

(2.3) 

Flat 

Projectile  thrown  106  ft,  pallet 
destroyed 

El 

R 

0.7 

(2.3) 

Flat 

Projectile  thrown  117  ft,  pallet 
severely  damaged 

E2 

L 

0.7 

(2.3) 

Flat 

Projectile  thrown  129  ft,  pallet 
severely  damaged 

E2 

R 

0.7 

(2.3) 

Flat 

Projectile  thrown  63  ft,  pal¬ 
let  severely  damaged 

E3 

L 

2.3 

(7.3) 

Flat 

Projectile  and  pallet  severely 
damaged 

E3 

R 

2.3 

(7.3) 

Flat 

Projectile  and  pallet  severely 
damaged 

E4 

L 

1.6 

(5.3) 

Flat 

Projectile  thrown  3  ft,  pallet 
severely  damaged 

E4 

R 

1.6 

(5.3) 

Flat 

Projectile  and  pallet  severely 
damaged 

E5 

L 

1.5 

(5.0) 

Flat 

Projectile  thrown  3  ft,  pallet 
destroyed 

E5 

R 

1.5 

(5.0) 

Flat 

Projectile  thrown  51  ft,  pallet 
destroyed 

E6 

L 

1.5 

(5.0) 

Flat 

Projectile  and  pallet  destroyed 

E6 

R 

1.5 

(5.0) 

Flat 

Projectile  and  pallet  destroyed 

E7 

L 

1.5 

(5.0) 

Vee 

Projectile  and  pallet  undamaged 

E7 

E8 

E8 

E9 

E9 

R 

L 

R 

L 

R 

1.5 

1.5 

1.5 

1.5 

1.5 

(5.0) 

(5.0) 

(5.0) 

(5.0) 

(5.0) 

Vee 

Vee 

Vee 

Vee 

Vee 

Projectile  and  pallet  undamaged 

No  damage 

No  damage 

No  damage 

No  damage 

"E"  refers  to  Exploratory  Testing  with  inert  acceptor;  "L”  and 
"R"  refer  to  left  and  right  acceptors,  respectively. 
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Table  1.  (Cont) 


Separation 

Test 

distance 

Shield 

No. 

m 

(ft) 

design 

Results 

CIO  Lb 

1.5 

(5.0) 

Vee 

NDPC 

CIO  R 

1.5 

(5.0) 

Vee 

NDP 

Cll  L 

1.5 

(5.0) 

Vee 

NDP 

Cll  R 

1.5 

(5.0) 

Vee 

NDP 

C12  L 

1.5 

(5.0) 

Vee 

NDP 

C12  R 

1.5 

(5.0) 

Vee 

NDP 

C13  L 

1.5 

(5.0) 

Vee 

NDP 

C13  R 

1.5 

(5.0) 

Vee 

NDP 

C14  L 

1.5 

(5.0) 

Vee 

NDP 

C14  R 

1.5 

(5.0) 

Vee 

NDP 

C15  L 

1.5 

(5.0) 

Vee 

NDP 

C15  R 

1.5 

(5.0) 

Vee 

NDP 

C16  L 

1.5 

(5.0) 

Vee 

NDP 

C16  R 

1.5 

(5.0) 

Vee 

NDP 

C17  L 

1.5 

(5.0) 

Vee 

NDP 

Cl 7  R 

1.5 

(5.0) 

Vee 

NDP 

C18  L 

1.5 

(5.0) 

Vee 

NDP 

C18  R 

1.5 

(5.0) 

Vee 

NDP 

CL9  L 

1.5 

(5.0) 

Vee 

NDP 

C19  R 

1.5 

(5.0) 

Vee 

NDP 

C20  L 

1.5 

(5.0) 

Vee 

NDP 

C20  R 

1.5 

(5.0) 

Vee 

NDP 

b"C"  refers  to  Confirmatory  Testing  with  live  load  acceptor;  "L" 
and  "R"  refer  to  left  and  right  acceptors,  respectively. 

CNDP  -  No  Detonation  Propagation. 
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Table  1.  (Cont) 


Test 
No . 

C21  L 
C21  R 

C22  L 
C22  R 

C23  L 
C23  R 

C24  L 
C24  R 

C25  L 
C25  R 

C26  L 
C26  R 

C27  L 
C 27  R 

028  L 
028  R 

029  L 
029  R 

030  L 
030  R 

031  L 
031  R 

032  L 
032  R 

033  L 
033  R 

034  L 
C34  R 


Separation 

distance  Shield 


m 

(ft) 

design 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

1.5 

(5.0) 

Vee 

NDP 

Results 


PROJECTILE,  8-INCH,  M509E1 

IW  180  M42  DP  GRENADES) 


le,  cross-sectional 


Figure  2.  Non-propagation,  general  test  array. 
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Figure  4.  Flat  shielded  test  array. 


-shielded  pallet,  close-up  view. 


id  la  }sa: 


Figure  11.  Flat-shielded  pallet,  post-test  view, 
with  destroyed  pallets. 


Figure  12.  V-shielded  pallet,  post-test  view. 
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STATISTICAL  EVALUATION  OF  EXPLOSION  PROPAGATION 


Statistical  Theory 

The  possibility  of  the  occurrence  of  explosion  propagation 
based  upon  a  statistical  analysis  of  the  test  results  has  been 
evaluated  in  the  main  body  of  the  report.  This  appendix  is  devoted 
to  the  mathematical  means  by  which  the  statistical  analysis  was 
performed • 

The  probability  of  the  occurrence  of  an  explosion  propagation 
is  dependent  upon  the  degree  of  certainty  or  confidence  level  in¬ 
volved  and  lias  upper  and  lower  limits.  The  lower  limit  for  all 
confidence  levels  is  zero;  whereas  the  upper  limit  is  a  function  of 
the  number  of  observations  or,  in  this  particular  case,  the  number 
of  acceptor  items  tested.  Since  each  observation  is  independent  of 
the  others  and  each  observation  has  a  constant  probability  of  a 
reaction  occurrence  (explosion  propagation),  the  number  of  reac¬ 

tions  (x)  in  a  given  number  of  the  observations  (n)  will  have  a 
binomial  distribution.  Therefore,  the  estimate  of  the  probability 
(p)  of  a  reaction  occurrence  can  be  represented  mathematically  by 

p  =  x/n  (1) 

and,  therefore,  the  expected  value  of  (x)  is  given  by 

E(x)  -  np  (2) 

Each  confidence  level  will  have  a  specific  upper  limit  (p2) 
depending  upon  the  number  of  observations  involved.  The  upper 

probability  limit  for  a  given  confidence  level  a,  when  a  reaction 
is  not  observed,  is  expressed  as 


(1  -  p2)n  =  e 

(3) 

where 

e  =  (1  -  a)/2  and  a  <  1.0 

(4) 

Use  of  equation  3  is  illustrated  in  the  following  example: 


Example 

Determine  the  upper  probability  limit  of  the  occurrence  of  an 
explosion  propagation  for  a  confidence  level  of  95%  based  upon  30 
observations  without  a  reaction  occurrence. 


31 


Given 


Number  of  Observations  (n)  =  30 
Confidence  Level  (a)  »  95% 

Solution 


1.  Substitute  the  given  value  of  (a)  into  equation  4  and 
solve  for  e: 

e  =  (1  -  a)/2  =  (1  -  0.95)/2=  0.025 

2.  Substitute  the  given  value  of  (n)  and  value  of  (e)  into 
equation  3  and  solve  for  p2: 

e  =  0.025  =  (1  -  p2)30 

or 

p2  -  0.116(11.6%) 

Conclusions 


For  a  95%  confidence  level  and  30  observations,  the  true  value 
of  the  probability  of  explosion  propagation  will  fall  between  zero 
and  0.116;  or  statistically,  it  can  be  interpreted  that  in  30  ob¬ 
servations,  a  maximum  of  (0.116  x  30)  *  3.48  observations  could 
result  in  a  reaction  for  a  95%  confidence  level. 

Probability  Table 

Table  A-l  shows  the  probability  limits  and  the  range  of  the 
expected  value  E(x)  for  different  numbers  of  observations.  Three 
confidence  limits,  90,  95  and  99%,  are  used  to  derive  the  probabil¬ 
ities.  The  same  values  are  plotted  in  Figure  15. 
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